areas of the chest (62% vs 26%). In well-penetrated areas, there was a decrease in detection rates (52% vs 44%) using TWL images despite measured improvements in image contrast in these areas. Possibly this was due to the observers' unfamiliarity with the reversed-contrast TWL images. Our results show the TWL technique to be valuable for improving image quality and diagnostic accuracy in chest radiography.
a method of producing chest radiographs by using a tantalum air-interspace grid for highly efficient scatter rejection, wide-latitude X-ray film for recording the low-scatter image, and a LogEtronics printer areas of the chest (62% vs 26%). In well-penetrated areas, there was a decrease in detection rates (52% vs 44%) using TWL images despite measured improvements in image contrast in these areas. Possibly this was due to the observers' unfamiliarity with the reversed-contrast TWL images. Our results show the TWL technique to be valuable for improving image quality and diagnostic accuracy in chest radiography.
Although it is the most frequently performed study in a typical radiology 
Materials and Methods
The tantalum air-interspace grid has been described previously [101. Briefly, it consists of two 10:1 linear grids crossed at right angles to achieve a crossed-grid effect. The grid strips are made of 0. on the density to which it is exposed ( Fig. 1 B) . Conventional chest radiographs typically are exposed to achieve a film density of about 1 .7 OD units in well-penetrated areas of the lungs. This provides maximum film contrast in these areas; however, other areas then are displayed with less contrast. The photomultiplier tube generates a feedback signal that modulates the brightness and scanning speed of the exposing light beam, so that lighter areas of the image are exposed with less light and, conversely, darker areas with more light. This results in an unsharp masking effect by which large-area contrast (e.g., lungs vs medias-tinum) is suppressed; however, the contrast of details smaller in size than the scanning light beam is not suppressed and indeed may be enhanced by printing onto a high-contrast print film. Du Pont MRF-31 film provides a contrast-enhancement factor(film gamma) of about 3 when exposed to optical densities of 1 -2 OD units (Fig. 1C) .
The LogEtronics printer was modified by replacing the original 100-mm (diameter) projection lens with a 25-mm (diameter) lens that has variable aperture settings. This was done to decrease lens flare and provide a more accurate unsharp masking effect. Although this also decreased the speed of the system, the required exposure times with MRF-31 film still were acceptable, typically about 10 sec.
We also found it helpful to calibrate the printer with an additional 0.3-00 neutral-density filter placed over the lens system. The filter was removed for subsequent printing exposures. The effect of adding an optical attenuator was to "offset" the operating range of the printer and thus better match the density range usually encountered on WDR chest radiographs. Table 1 .
The WDR images were copied onto Du Pont MRF-31 film using the LogEtronics printer, with the printer set for "maximum dodging" and the lens aperture set to f/i 6. We used MacBeth Model TD502 densitometer (Kollmorgen, Newburgh, NY) to measure regional film densities and nodule contrasts (density difference between center of nodule shadow and surround) on the conventional film image and on the original and LogEtronics copies of the WDR film images.
Conventional and TWL chest radiographs were obtained on patients with known cancer who were referred to our laboratory from the Oncology/Hematology Division of the University of Utah Hospital. Approximately 100 patients have been studied to date in this ongoing clinical evaluation. Technical factors were as described in Table 1 The observers marked the nodules they detected and indicated their confidence level by using a four-level confidence rating scale. Films on which no nodules were detected were marked "0" or "no nodules." 3A ), the original Ta grid/WDR radiograph (Fig. 3B) , a copy of the Ta grid/WDR radiograph printed on MRF-31 film using the LogEtronics printer (TWL image, Fig. 3C ), and a copy of the conventional chest radiograph printed by the same technique (Fig. 3D) . Note that image contrast is reversed on the LogEtronics images owing to the sensitometric characteristics of MRF-31 film.
Results
The images in Figure 3 demonstrate the contrast comparisons shown in Table 2 and typify the general appearance and quality of results achieved to date. In comparison with the conventional chest radiograph (Fig. 3A) , the WDR radiograph Note also that each of these images was copied onto standard copy film using the LogEtronics printer in order to preserve the contrast of the original images for this figure. ( Fig. 3B ) has greater contrast in poorly penetrated areas, but less contrast in well-penetrated areas. The TWL image (Fig.  3C) has greater contrast than either the conventional or WDR image in all areas. The LogEtronics copy of the conventional film (Fig. 3D) is noticeably inferior to the TWL image in several respects.
It has uneven contrast across the image, greater in well-penetrated areas than in poorly penetrated areas. This reflects the difference in contrast between these areas on the original image. It also has both very dark and very light areas in which anatomic structures are not well visualized. In this example, nodules that were virtually invisible on the conventionalfilm were obvious on the TWL film. Although the nodules were projected differently on the two films, improved contrast appears to be the major difference affecting nodule visibility in this demonstration.
These nodules were proved on followup films. We have encountered several similar examples in our clinical studies, which number about 100 patients to date. Objective receiver-operating-characteristics (ROC) nodule de- tection studies [1 6 ] will be required to determine the statistical and clinical significance of these findings. Figure 5 shows comparative images of another patient in a region containing a potential false-positive nodule. In this example, the faint structure on the TWL film, initially identified as a nodule, was not seen on CT scans and probably was due to focal irregular calcification of costal cartilage at the sternal end of the right first rib. This is the only example of a confirmed false-positive finding in our clinical studies to date. The statistical and clinical significance of false positives also will be evaluated by objective ROC studies using clinical films. The results of the phantom nodule-detection study were not analyzed by ROC methods because of the relatively small number of false-positive findings detected-in some cases, none or only one of a series of films for an individual reader. This probably was the result of a lack of variable background structure in the phantom. For this reason, only the truepositive rates, combining all confidence levels, were cornpared. Table 3 poorly penetrated retro (A) regions, the results were as expected from the measured differences in contrast (Table 2) , with the highest detection rates being recorded on the TWL film, followed by the original WDR film and then the conventional film. By a paired t-test [1 7] 
Discussion
TWL images have been well received by our clinical colleagues, including both radiologists and referring oncologists. The reversed-contrast ("black bone") image also has been well received, as has been noted previously by other investigators [9] . Our clinical experience to date suggests that the TWL technique may improve nodule detectability (Fig. 4) . This was supported by the results ofthe phantom nodule-detection study for nodules in poorly penetrated areas ( of "algorithm parameters"; however, the TWL method can be implemented with equipment that is much less costly. Also, it does not introduce loss of detail and aliasing artifacts, which result from the finite sampling aperture size and sampling interval used for digital images [21] . Although sampling requirements for digital chest radiography have not been firmly established yet, it appears that at least 1024 x 1024 and possibly 2048 x 2048 elements will be needed to avoid loss of diagnostically important information [22, 23] . As illustrated by the close-up views in Figure 4 and 5, the spatial resolution of TWL images is comparable with that of conventional chest radiographs.
Also, the dose requirements for the TWL technique are comparable with those of the Picker digital chest unit [9] .
